A virus has been demonstrated to be present in a proportion of the cells in each of the three lines grown by Epstein and Barr (EBI, EB2, EB3) (Epstein, Henle, Achong and Barr, 1965; Epstein, Barr and Achong, 1965b) and in that grown by Stewart (Stewart et al., 1965) . The virus, which morphologically resembles herpes. has not as yet proved identifiable but at present there is no evidence that it is an oncogenic agent. Cells from Dr. Epstein's stock have been established in several different research centres and there is now a considerable interest in these cells, not only from the point of view of the virological problems. They may also provide a convenient system on which to investigate the mode of action of anti-mitotic drugs. Detailed analysis of the mode of action of those drugs which affect DNA synthesis is greatly facilitated if information is available on the chromosome content of the cells and their proliferation kinetics.
Chromosome studies were reported for EB2 one year ago : Stewart et al. (1965) showed this line to be predominantly diploid (98%0). Since then this cell-line has undergone a marked alteration to heteroploid. In this paper we report the results of an investigation of the cytogenetics of EBI, EB2 and EB3. and observations on the kinetics of their proliferation.
IMETHODS AND MATERIALS The three tissue culture lines of Burkitt lymphoma cells, EBI, EB2 and EB3. were kindly supplied by Dr. Epstein. Their earlier histories of isolation and cultivation have been described previously Barr, 1964, 1965 ; Epstein, Barr and Achong, 1964 , 1965a , 1965b . All these lines were derived from negro children in Uganda presenting with Burkitt lymphomata. Briefly, the histories of the cells are as follows:
EBI was derived from a right maxillary tumour in a 9-year-old girl. The cells were first set up in culture on December 5, 1963. EB2 came from an ovarian tumour in a 7-year-old girl and was set up in culture on May '2, 1964. EB3 came from a tumour of the left temporal region in a 3-year-old male child and was set up in culture on November 12, 1964. At (Moorhead, Nowell, Mellman, Battips and Hungerford, 1960) . The number of chromosomes per cell was counted directly through the microscope, except for very large numbers, which were checked photographically. The distributions of the chromosome numbers in the cell populations were analysed by grouping into ploidy levels (Hughes, 1965) (Hale, 1963 (Deeley, 1956 ) and the absorption of light by the individual nuclei was measured.
RESULTS
The three cell lines showed marked differences in their chromosome number distributions as is made clear in Fig. 1 where the results, grouped into ploidy levels.
are shown for all three cell strains.
The following results deal with each cell line in turn. Since EB3 was found to be in a near euploid state this line was chosen as the most suitable for the investigation of details of cellular kinetics.
Lymphoma EB3 Chromosome analysi8 of EB3
The diploid chromosome number of 46 predominates in this cell population. AIn initial survey of the karyotypes of the cells with 46 chromosomes, showed in the main that they were pseudodiploid. These pseudodiploid cells had inconsistent abnormalities involving one or two chromosomes per karyotype: either in individual chromosomes structure or number of chromosomes per morphological group, or both. A few apparently normal karyotypes were present. In the three samples examined over a period of 12 weeks, between 22 and 29% of the metaphases had aneuploid chromosome complements. The hypodiploid cells were in the range of 39-45 chromosomes, the majority being close to the diploid mode. The hyperdiploids were in the range 47-50 chromosomes, the majority differing from the diploid mode by one or two chromosomes.
Further detailed analysis of this, and of other Burkitt cell lines, will be published elsewhere.
Growth characteri8ties of EB3
Trypan blue staining shortly after changing the medium showed that an average of 86% of the cells appeared to be viable, with a range of 82 to 88% in the 10 samples examined. When the cells were in the log phase 80 to 88% were viable. After 72 hours growth there was a fall in the viability to 73 to 7700. The rate of increase in the viable cell count over a 72 hour period was examined. In order to make the results from the individual samples comparable, the results have been expressed as percentage of the average number of cells found to be viable when all the samples were counted at the start of the experiment (Fig. 2) . The percentage of the population of cells in DNA synthesis at different times during this period is shown in Fig. 3 . The doubling rate of the cells during log phase as calculated from EBI (i) . colchicinised samples. There was less morphological variation in the EBI cells, though it was found they had the lowest yield of mitotic figures and had a large number of dead cells present in the culture (40-50% stained with trypan blue). Fig. 9 shows the percentage of metaphases labelled with 3H-TdR at intervals of time following pulse labelling during the log phase. It will be seen that there is a considerable difference between this result and that obtained for EB3. The G2 + 'M of the EB2 cells is approximately 6 hours whilst the S period would appear to last for at least 20 hours.
DISCUSSION
Cytogenetical analysis of direct preparations of Burkitt tumours (Jacobs, Tough and Wright, 1963) showed that the majority of chromosome numbers per cell occurred around the diploid mode in all the tumours analysed in detail. Individual tumour cell populations ranged from 100% apparently normal karyotype to mixtures of cells with normal and abnormal karyotype. The abnormalities were inconsistent, involving up to four chromosomes, and included pseudodiploids, a few aneuploids and rare polyploids. Similarly Stewart and her colleagues (Stewart et al., 1965 ) described a Burkitt tumour composed of a mosaic of 110 normal and abnormal karyotypes. Again there was a diploid mode which, however, was composed mainly of pseudodiploid karyotypes, due to two structurally abnormal chromosomes (which were also present in the aneuploid cells). The present studies show that at the moment the line EB3 is maintaining a predominantly pseudodiploid state with abnormalities restricted to one or two chromosomes. The repeated examinations of EB3 indicate that the pseudodiploid cell type is the most successful line in the population, being markedly dominant in all samples.
EB2 has undergone a considerable change in its chromosome composition during the past year: it was found to have a normal karyotype in the latter part of 1964 (Stewart et al., 1965) whereas at present the line is heteroploid with a predominance of chromosomes in the range 86-88. This cell line appears to be able to maintain a very successful growth rate in this mainly aneuploid state and has about the same incidence of dead cells as the more uniform line EB3.
EBI, the oldest of the lines, has developed two major classes of cells, those around the diploid and those around the tetraploid values, all cells in the system being abnormal.
It In the present investigation we have combined autoradiography with microdensitometry so as clearly to define the cells that are synthesising DNA. This method of analysis has been used previously for the study of euploid cells (Cooper, Barkhan and Hale, 1963; Balfour, Cooper and Meek. 1965) . EB3, with a dominant stable pseudodiploid chromosome mode, has a distribution of DNA contents, when in the log phase of growth, that conforms to those found in proliferating euploid populations of cells (Hale, 1963; Walker and Richards. 1959). In the lag phase of growth there is evidence, not only of a decrease in the percentage of cells in the S compartment of interphase, but of a relative increase in the percentage in G2. The distribution of the cells in the S compartment during the log phase conforms to the theoretical concept that there is an exponential decrease in the frequency of cells from the diploid to the tetraploid end of the compartment.
In the lag phase, the situation is reversed, with relatively more cells at the later stages of the S period than in the earlier stages. This suggests that in lag phase the cells are subjected to a series of delays in their normal progress through the cell cycle. A reduced entry into 5, a progressive retardation of the transit across 5, and a reduced entry into mitosis are all probably factors that cause the population to have the distribution of DNA values seen in Table I There have been several reports of the distribution of DNA contents inl the nuclei of aneuploid tumours and acute leukaemia (Bader, 1959; Caspersson, III 1E . H. COOPER, D. T. HUGHES AND NORMA E. TOPPING Lomakka and Caspersson, 1960; Stich and Steele, 1962; Caspersson, 1964) . However, owing to the wide range of chromosome numbers present in the population, it is very difficult to determine from the DNA content alone the position in interphase of any individual cell in the population. Using the 3H-TdR labelling in conjunction with microdensitometry, the main groups of interphase cells in EB1 and EB2 have been resolved. The non-DNA synthesising cells have one dominant peak in EB2, and are bi-modal in EB1, these peaks corresponding to the distribution of the numbers of chromosomes.
It would appear that EB3 at present is the cell line whose karyotype resembles most closely those of the tumours in their natural state.
The studies of EB2 indicate that neither normal chromosome number nor karyotype are maintained indefinitely in Burkitt lymphoma cultures. This heteroploid transformation is also a well known feature in long term cultivation of some normal diploid cell strains (Chu, 1961) . It is possible that EB3 will modify its karyotype during the next few months to become more aneuploid.
The pharmacological responses of these three lines may be dissimilar as there are marked differences in their DNA contents, duration of S period and natural death rates in culture. Hence it would appear that cultures of the EB3 typethat have been only a relatively short period in culture-are the most representative of the original tumour population. If bulk cultures of the cells are frozen at a time when there is little chromosome variation aliquots of these can be thawed at intervals and used for pharmacological testing. This avoids the intrinsic changes that appear to occur when the stock lines are kept at 370 C.
SUMMARY
Chromosome analyses of 3 lines of Burkitt lymphomata cells maintained in culture are reported. Two (EBI and EB2) were found to be heteroploid with a wide range of chromosome numbers. The third, EB3, was found to be predominantly pseudodiploid, and its kinetics were studied in detail. EB3 shows a marked difference in the distribution of cells in the compartments of interphase during its lag and log phases of growth. The proliferation of this line is maintained by cells having a cell cycle of approximately 20 hours, and an S period of 12 hours. EB2, being mainly hypotetraploid, had an S period of approximately twice the duration of that of EB3. There was agreement between the distribution of chromosome numbers and the DNA contents of interphase cells, suggesting that cell death, which is high in these cultures, occurs at random. The relation of these findings to the reported observations on direct examination of Burkitt lymphoma biopsies is discussed.
The pseudodiploid line, EB3, would appear to be the most suitable for pharmacological studies, but caution should be taken in the interpretation of the results owing to the natural variations in its growth kinetics.
